Calves were fed Escbericbia coli of bovine origin containing an R factor with resistance determinants found rarely in human and bovine populations. Some of these calves received tetracycline. Fecal samples from human subjects in daily contact with the calves were analyzed for the R factor, the bovine E. coli, and changes in the levels of tetracycline resistant coliforms. Crossover from the calves to the human subjects of the bovine E. coil was shown to occur but was unrelated to whether or not the calves were receiving tetracycline. The levels of tetracycline resistant coliforms in the feces of the human subjects were not influenced by contact with the calves or tetracycline.
INTRODUCTION
It is becoming increasingly difficult to treat infectious diseases caused by bacterial agents belonging to the family Enterobacteriaceae. This difficulty has arisen as a direct result of the acquisition by these microorganisms of means to negate the desired effects of certain antimicrobic agents (Anderson, 1968; Davies et al., 1970; Brumfitt et al., 1971; Butler et aL, 1973; Shaw et al., 1973) . In most instances this resistance is due to the possession by these bacteria of extrachromosomal pieces of DNA (plasmids) that code for products that protect the microorganism from the action of the I This study was supportod by the Animal Health Institute, Washington, DC. The' authors wish to thank Drs. Stanley Falkow and Robert Swift for their advice and assistance.
a An invited paper presented during the symposium "Antibiotics in Animal Feeds" held as a part of the annual meeting of the American Society of Animal Science at Texas A&M University, 1976. 3 Department of Veterinary Microbiology.
antimicrobic. These pieces of DNA, or R factors, in addition to containing the genes necessary for resistance, may also contain the genes necessary to permit transmission of the entire plasmid to other species of bacteria within the family Enterobacteriaceae (Davies and Rownd, 1972; Helinski, 1973; Falkow, 1975) . R factors rarely contain genes necessary to endow the bacterium possessing it resistance to just one antimicrobic. The usual situation is that an R factor codes for resistance to two or more antimicrobics. Thus, selection of a population of bacferia possessing certain R factors by the use of a single antimicrobic will select indirectly for resistance to other antimicrobics as well. This coupled with the self-transmissible nature of the plasmid probably accounts for the wide spread occurrence of these factors within the family Enterobacteriaceae.
R factors of themselves are not a hazard to human or animal health. R factors residing in species of enteric microorganisms possessing no pathogenic potential would pose little, if any, threat. Unfortunately, most, if not all enterics possess some pathogenic potential. This ranges from the outright pathogenic species such as Salmonella, Sbigella, and enteropathogenic Eschericbia coli to the so-called opportunistically pathogenic enterics. In any case, acquisition of an R factor would make a previously sensitive microorganism resistant to two or more antimicrobic agents and thereby hinder treatment drastically.
Since their discovery, R factors have been found wherever enterics are found. Over the years, probably as a result of the increased usage of antimicrobics, R factors have-been found with increased frequency in those species of enterics associated with the enteric tracts of animals and man (Datta, 1965; Walton, 1966) . By far and away, the most fertile source of R factor bearing bacteria is the enteric tract of those domestic animals reared for food con-1437 JOURNAL OF ANIMAL SCIENCE, Vol. 4.6, No. 5, 1978 sumption, especially those on medicated feeds (Mercer et al., 1971) .
The question that must be answered is whether this large reservoir of R factors (or the genes themselves) can act as a pool from which enteric microorganisms occupying the gastrointestinal tract of humans can draw. If this is indeed the case, then the indirect hazard to human health of such a gene pool is obvious.
Numerous attempts have been made to draw a relationship between the R factor gene pool in animals, antimicrobic pressures exerted on the pool, and the occurrence of resistance genes in the enteric microorganisms in the enteric tract of man. Most of the investigations have been indirect and epidemiological in scope (Linton et al., 1972; Wells and James, 1973; Fein et al., 1974; Dorn et al., 1975; Siegel et al., 1975) . All these studies have shown that a direct correlation exists between animal contact, antimicrobic usage, and the occurrence of multiply-resistant flora in the enteric tracts of the human contacts. In particular, if the resistance spectrum of the enteric microorganisms isolated from the enteric tract of humans in contact with their animals is compared to the resistance spectrum of the enterics isolated from these animals, a unique match is found (Fein et al., 1974) . The degree of similarity decreases significantly if resistance patterns of the human isolates are compared with animals from other locations. These findings suggest that crossover of R factor genes, the bacteria harboring them, or both may occur.
It has been difficult to show directly that crossover occurs. This is because R factors of human origin do not differ from R factors of animal origin with respect to their resistance determinants and subsequently, there is always reasonable doubt when resistance patterns are compared. Therefore, we have designed an experiment, the results of which are reported here, to measure the effect of tetracycline upon the transfer of antimicrobic resistance from animals to humans. In particular, calves were fed a chromosomally marked bovine E. coil containing an R factor. The R factor used in this study contained resistance determinants that are rare in human and calf populations. Some of the calves were fed tetracycline. Feces from human subjects in daily contact with the calves were analyzed for the R factor, the bovine E. coil, and changes in the levels of tetracycline resistant coliforms. Comparisons of these parameters were made with respect to whether or not the calves received tetracycline.
MATERIALS AND METHODS

Bacteria.
A nalidixic acid resistant bovine strain of Escberichia coli of serotype 03:K':H21 (designated as P23) into which R factor R135 was placed by conjugation (designated as P23/R135) was used in this study. R135, in addition to coding for resistance to tetracycline (25 gtg/ml), gentamicin (5 gtg/ml), streptomycin (10 gtg/ml), and sulphonamides (undetermined), is a single covalently closed self-transmissible plasmid of approximately 60-Mdal in size (J. L. Witchitz, 1972; N. Wiger and D. C. Hirsh, unpublished data) .
Subjects. Human subjects used for this study consisted of both males and females between the ages of 21 to 30 years and professed to have had no antimicrobics 3 to 6 weeks prior to their participation in the study.
Animals used were all male bovine calves of approximately 7 to 10 days of age and were born from cows known not to be receiving antimicrobics. The calves were purchased at 1 day of age and immediately brought to the research facility in order to preclude unwanted medication prior to the initiation of the study.
Sample Collection and Processing. Fecal specimens from the human subjects were submitted in sterile plastic specimen bags. Approximately 50 to 100 g of feces were submitted. Prior to weighing and bacteriologic examination, the entire sample was thoroughly mixed.
Fecal specimens were collected from the rectums of the calves using disposable sterile plastic examination gloves. Samples of approximately 50 to 100 g were submitted and thoroughly mixed prior to processing.
Aliquots of all the samples were weighed and then diluted serially ten-fold in phosphate buffered saline (.01 M, pH 7.0). Aliquots of each dilution were plated on MacConkey's agar and MacConkey's agar containing nalidixic acid (100 gtg/ml); tetracycline (25/ag/ml); gentamitin (5 /ag/ml); tetracycline, gentamicin, and streptomycin (10/lg/ml); nalidixic acid, tetracycline, streptomycin, and gentamicin.
Colonies growing subsequent to plating feces on MacConkey's agar containing nalidixic acid or gentamicin were replica plated to MacConkey's agar containing gentamicin or nalidixic acid, respectively. Likewise, colonies growing on MacConkey's agar containing tetracycline, streptomycin, and gentamicin were replica plated to MacConkey's agar containing nalidixic acid, tetracycline, streptomycin, and gentamicin.
Isolates with resistance characteristics of P23 (resistant to nalidixic acid) were confirmed as P23 by testing with anti-03 antiserum in addition to standard biochemical tests. Isolates with resistance characteristics of R135 (resistant to gentamicin) were crossed in vitro with a rifampin resistant E. coli K12(J62). Plasmid DNA was extracted from E. coli K12(J62) and subjected to DNA homology studies (Elwell et al., 1975) .
All isolates suspected as being P23 or P23/R135 from the feces of the human subjects and isolates containing R135 but not P23 from the feces of the calves were tested for susceptibility to tetracycline, gentamicin, streptomycin, and nalidixic acid using the agar overylay modification of the standard diffusion assay (Barry et al., 1970) .
DNA tlomology Studies. The method used to determine homology between plasmids with a determinant coding for gentamicin resistance and R135 has been described elsewhere (Elwell et al., 1975; Crosa et al., 1973) . Briefly, tritium labelled R135 DNA (approximately 2,500 nucleotides in length) was mixed with plasmid DNA fragments (approximately 2,500 nucleotides in length) isolated from the human subjects. After heat denaturation and reannealing, $1 endonuclease was used to eliminate unpaired strands of DNA. Following precipitation in trichloracetic acid, double stranded DNA was collected on a filter, washed, and counted in a scintillation counter. The percent homology was calculated by comparison of the bound radioactivity of the test DNA and bound radioactivity of homologous DNA (R135) and heterologous DNA (DNA from E. coli strain P23).
Statistical Analysis. The Wilcoxon test was used to analyze all data, except those presented in table 7, for statistical significance. The data presented in table 7 were analyzed by the chi-square test.
Experimental Design. The calves were housed in isolation units that were designed to preclude transfer of microorganisms out of the unit. Human subjects entering the unit changed clothes completely. Garments and footwear exposed to the environment of the calves were left in the isolation unit.
Two weeks prior to the beginning of the study, three to six fecal specimens were collected from the human subjects and the calves. These samples were analyzed for bacteria with characteristics of P23 or R135.
The human subjects cared for the calves. This entailed feeding (three times per day) with non-medicated milk replacer (<4 ppm tetracycline as measured by bioassay), cleaning of the pens, and collection of fecal specimens from the calves. The calves that were to receive tetracycline were given the drug by the appropriate human subjects. Total contact time was 45 to 60 min per day.
The study period was 4 weeks. During the first 2-week period, the appropriate groups of calves received tetracycline (175 mg, b.i.d., orally). During the second 2-week period, in addition to the tetracycline, P23/R135 was fed daily to the appropriate groups of calves (1010 to 101 i viable organisms in 100 ml milk).
The feeding of P23/R135 was performed by individuals not included in the study. P23/R135 was fed at least 4 hr before the human subject caretakers were to visit the calves that day. The individuals who fed P23/R135 entered and left the isolation unit by a different route than the human subject caretakers.
The trial was repeated three times. Table 1 depicts the combined number of animals, human subject caretakers, and treatment regimen.
RESULTS
The effect upon the number and proportion of tetracycline resistant coliforms in the feces of calved fed tetracycline at 350 mg/day is shown in table 2. No effect was noted.
The number of tetracycline resistant coli- forms in the feces of those calves in contact with the human subjects is shown in table 3. Throughout the course of the experiment, the levels of tetracycline resistant coliforms found in the feces of the calves either receiving tetracycline or not were similar.
Following contact with tetracycline and/or calves, the proportion of the tetracycline resistant coliforms in the feces of the human subjects showed no discernible difference (table 4). One possible exception might be the extremely high proportion of tetracycline resistant coliforms found after 17 to 22 days in the feces of subjects in contact with calves alone. Three of the four samples containing tetracycline resistant coliforms in the 50 to 100% range, were from one individual 9
The effect of contact with tetracycline and/or calves upon the number of tetracycline resistant eoliforms in the feces of the human subjects is shown in table 5. The baseline levels of tetracycline resistant coliforms found in the feces of those subjects destined to contact calves receiving tetracycline were higher (P<.05) than baseline levels of those subjects that were to contact calves alone. For this reason, the comparisons of the levels of resistant coliforms following tetracycline and/or calf contact were made with respect to the respective baseline values from both groups. Comparing the data in this manner, no significant differences were noted.
The number of P23 and P23/R135 in the feces of the calves are shown in table 6. There appeared to be no difference in the amount of P23 and P23/R135 found in the feces of calves fed tetracycline compared to calves that were not fed the antibiotic 9
The effect of tetracycline upon transfer of the R factor, R135, from P23 to other coliforms in the enteric tract of the calves is shown in table 7. Tetracycline had no effect upon the number of non-P23 containing the R factor, the number of days shed, the number of calves in which in vivo transfer occurred, or the number of resistance determinants possessed by non-P23 coliforms.
The extent of transfer of P23, R135, and P23/R135 to the human subjects is shown in table 8. No other nalidixic acid or gentamicin resistant microorganisms were isolated 9 At least two negative fecal samples were obtained from the human subjects following the isolation of microorganisms with characteristics of P23 and/or R135. (10) 4 (40) aNumber of samples (%) containing tetracycline resistant coliforms in the indicated category.
Discussion
Tetracycline at a dose of 350 mg/day did not affect the proportion nor the numbers of tetracycline resistant coliforms shed in the feces of the calves. It is difficult to draw conclusions from this observation since the baseline values for these parameters prior to the exposure to tetracycline were extremely high. What effect tetracycline, in the dose given would have had upon the enteric flora of calves possessing little, if any, tetracycline resistant coliforms, is unknown. It has been our experience that calves obtained from dairies in our area already possess large numbers of tetracycline resistant coliforms even though antimicrobics are not used routinely. The calves used in our study did not receive antimicrobics prior to our experiments. How long these levels of tetracyclineresistant coliforms would persist without any antimicrobic pressure is hard to determine, probably months. In other animal species including man, cessation of selective pressure results in a gradual decline in antimicrobic resistance in the enteric flora (Datta, 1965; Hirsh et al., 1973; Levy et al., 1976) .
Without performing DNA homology studies, it is difficult to assess the effect of tetracycline upon in vivo transfer of resistance determinants from P23/R135 to the resident flora of the calves. However, by following the distribution of the gentamicin resistance marker, we feel a reasonable estimation can be made since gentamicin resistance is extremely rare in the enteric flora of domestic animals and man. In the pre-trial screening microorganisms resistant to gentamicin were never encountered. Operating on the assumption that gentamicin resistance indicated the occurrence of R135, no differences were found comparing the group fed tetracycline with the non-medicated controls with respect to the multiplicity of resistance, the number of days the exconjugates were shed, or the numbers of exconjugates in the feces. The fact that organisms possessing gentamicin resistance were also resistant to tetracycline, streptomycin, and sulphonamides is evidence that the R factor R135 was still intact and may aMedian number of tetracycline resistant coliforms/g feces expressed as log t 0. Number in parentheses represents the number of samples. What is difficult to explain is the observation that non-P23 organisms that had acquired R135 in the enteric tract of calves were only detectable for 1 to 4 days (mean 1.5 days). It is well established that tetracycline resistance genes are almost always found on R factors (Anderson, 1968; Mitsuchashi, 1969) . The majority of the coliforms found in the feces of the calves were tetracycline resistant and thus R factor bearing. Unless there was a constant turnover of R factor carrying bacteria in the calf enteric tract, our observation implies that the R factor, R135, endowed bacteria acquiring it with properties that .would not allow for efficient competition with other resident flora. That this might be the case can be implied from the fact that P23/R135 never appeared to colonize the enteric tract of the calves to any great degree and had to be fed daily to the calves in order to have significant numbers in the feces.
The number and the proportion of tetracycline resistant coliforms found in the feces of the human subjects were not influenced by calf or tetracycline contact. Whether this was due to the relatively short period of time the human subjects were in contact with tetracycline and/ or the calves, or the highly restrictive measures taken by the human subjects to preclude transfer of microorganisms out of the isolation unit (e.g., changing clothes), is not known. Epidemiologic studies have shown that contact with animals on antimicrobials is reflected to a high degree in the resistance of the enteric flora (Linton et al., 1972; Wells and James, 1973; Siegel et al., 1975) . Human subjects in these studies had long term contact with the animals. However, it has been difficult to ascertain from these types of studies whether the tetracycline, the animal coliforms, or both were responsible for these observations. In our study, the numbers of tetracycline resistant coliforms being excreted by the calves were the same regardless of whether or not they were receiving tetracycline.
The effect of tetracycline upon transfer of the R factor, R135, from the calves to the human subjects was not apparent. Transfer occurred but at a very low frequency in both groups of human subjects. In the human subjects that acquired the R135 plasmid, it was found only within P23. That fragments of R135 might have been transferred to resident strains of coliforms is unlikely since we have shown that R135 stays intact and selection for the gentamicin resistance selects for the entire plasmid. It is not surprising that tetracycline, in the dosage used, did not affect crossover P23/R135 from calves to the human subjects. In a previous study we have shown that in order to aid in colonization with a tetracycline aT --tetracycline, S = streptomycin, Su = sulphonamides, G = gentamicin, K = kanamycin, N = neomycin, A --ampicillin, and C --chioramphenicol.
bNumber in parentheses represents the number of animals from which the organisms was isolated. CExp ressed as log10.
dExpressed as the arithmetic mean. resistant bovine E. coli, very high levels of tetracycline must be ingested (1000 mg/day) concurrently (Hirsh et al., 1974) . It is highly unlikely that the human subjects in our study ingested this high level of antibiotic. Too, it has been shown that ~106 bovine E. coil have to be ingested for effective colonization of the human intestinal tract to occur (Smith, 1969) . Due to the very strict hygenic methods employed by the human caretakers in our study, ingestion of this number of bacteria was also unlikely.
The results of transfer of an R factor from animals to man confirms the results of a recent study designed to measure the passages of an R factor from chickens to man (Levy et al., 1976) . In this study, a fragment of the marked R factor fed to chickens was found in the feces of a human subject in daily contact with the chickens. Though the proportion of enteric bacteria in the subject's enteric tract carrying this fragment was far greater than what we found (78%), the bacteria carrying this fragment were found in only one sample.
In summary we can say that within the framework of our study, tetracycline given to calves at 350 mg/day had little effect upon the enteric flora of the calves or upon the flora of human subjects in contact with the calves. However, transfer of an R factor occurred from the calves to their caretakers. Though the level of transfer was low, it can be inferred that other R factors were also transferred 9 It is our contention that if tetracycline has effects, they are long-term and serve to select for R factor possessing tetracycline resistance which in turn can gain entry into the enteric tract of man. Tetracycline, per se, has little direct affect on this crossover.
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